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FInding New Physics:
__From Earth to Sky

® New Physics for Higgs and Hierarchy

Problem: supersymmetry, warped extra dimension,
clockwork, relaxion, etc.

® New Physics for Dark Matter: WIMP, FIMP,
SIMP, axion, new productions/detections.

® New Physics for Flavor Physics: fermion

masses/mixing, flavor puzzles from rare decays,
magnetic/electric dipole moments.
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Cosmic Inflation

® Cosmic Inflation solves horizon,

® “Slowly-rolling scalar (inflaton)”
derives inflation and reheats

the universe.
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e.g. Cosmic Microwave Background homogeneous
and Isotropic at large distances

CMB anisotropies,
galaxies, clusters.
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Planck VS ACT
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Starobinsky model

® Starobinsky-like models are a best fit to Planck data.

2 12

ng=11! i r = NE - successful for N=40-80 at 95% C.L.

® Starobinsky model based on “pure gravity” is dual
to a scalar-tensor theory. [Starobinsky (1984)]
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Canonical kinetic terms One-parameter, 1 | 10°
gu ! gu/(@+41")1+41" = o 3 Successful for Planck.




Reheating and e-fold
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The number of e-foldings for solving the horizon problem
IS subiect to the detalls of reheatina dvnamics.
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“Larger N” for ACT favors w>1/3 & low reheating.



Pole Inflation

® Singlet scalar field ! with a conformal coupling:

L ; 1 1 5 1 5 : 1 2
e P22 V() — | nnoqp w2
L 1|1 (1,")?
mp | —— =" _R+ ! (”)"z" g
O 2 2 1" Ln2
1 1 :oon
=1 2R+ Z(!',")?! 6" 2#, tanh" “—
2 2( M ) n VE(!) 6
Vo(l), = -
—> .
| g
Similar predictions as in Flat potential near the pole.

Starobinsky model. e.g. Kallosh, Linde, Roest (2013)
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Higgs pole Inflation

® Consider the Higgs field near conformal coupling:

L 1. .

Jordan-frame: ~ — —_M:Q(H)R(gs) + |D,H|* — V;(H

(=1 3;1}2) H|*. “conformal coupling” [S. Clery, HML, A.Menkara (2023)]
Vi(H) = cnA*2"|H|>" (1 -2 ;P |H|2). “Jordan-frame Higgs potential”
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Small Higgs quartic coupling

® Higgs quartic coupling runs with Higgs field values.
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Up to uncertainty in top pole mass.




Higgs pole Inflation: reneating

® Perturbative reheating from inflaton decay/scattering.

po+3(1+wy)Hpy ~ —Ty(1+wg)py =~ pr+4Hpr =Ty(1 +wy)ps

[S. Clery, HML,A. Menkara (2023)]

m | Try |GeV]

1 | 5.1x10% m! 1 1

2 | 26 x 10° i Mz, W= onT 3

3 260

4| 9.4 x10° | Nien > O

5 | 2.1 %107 | — favored for ACT
6 | 1.1 x 108 Low reheating

7 | 2.8 x10°

8 | 49 x10° But, Preheating might be also important!
9 | 8.4 x10°

10 | 1.2 x 107 [HML, A. Menkara, J.-H, Yoon, work in progress]




Peccel-Quinn pole Inflation

® Consider a complex singlet scalar field with PQ charge:
“radial mode” => Inflaton, “angular mode” => axion

|- ] 1 | e” Similar results for KSVZ or DFSZ models
' -9 [HML, A. Menkara, M-J, Seung, J-H, Song (2023, 2024)]
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Axion misalignment

® Axion abundance for dark matter is determined by the
initial misalignment before QCD phase transition.

[Preskill et al; Abbott et al; N i ‘anli PRET
Dine ot i (1983)] Axion misalignment mechanism
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AXxion velocity vs relic density
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New axion DM window
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Pole Inflation In Weyl gravity



Pole Inflation In Weyl gravity

e \With local \Weyl symmetry and global SO(1,1):

' dilaton, wy @ Weyl gauge field [HML(2024)]

. 20(x —a(x 1 £
Weyl transform: g. — ¢*@gu, x—e®@y, 11 &', Wp = Wy = —=Opa(z)
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03 12 ..

. T Generation of Planck
Gauge fixing: 't"= - » |scale & Weyl photon mass

212y — #n : " . . .
FCYT = = S0O(1,1) breaking: slow-roll inflation




Generalized pole Inflation

® Gauge-fixed Lagrangian in Einstein frame:
e L1 1 (lu")2 1 1

| = —R+—! 'V, T WY+ S m2 v, WY
11 11 — — :b \
VE(!)= F(! 2/! = # N, #y = |2 redefined field

N T _Pole inflation and Weyl photon mass:

General iIsometry SO(1,N):
Lroori=1,24aaaN,

N=4: Higgs pole Iinflation,
N=2:PQ pole inflation.

0.955 0.960 0.965 0.670 0.975 0.880

[HML(2024)]



P "

Weyl photon dark matter

® Gravitational production of Weyl photons by SM-SM
scattering or inflaton scattering during reheating.

DM: my ! 10MeV
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Conclusions

® The pole inflation relies on a conformal coupling to
gravity and a small quartic coupling of the inflaton,
leading to successful & testable predictions.

e SM Higgs or PQ fields can be realized when the
running quartic coupling for the inflaton remains
small during inflation, restricting the inflaton
couplings in the RG equations for SM and BSM.

® Axion kinetic misalignment set during the PQ pole
Inflation opens up a new window for axion DM
with a small axion decay constant.

® Broken SO(1,N) isometry in Weyl gravity realizes
the pole inflation and relates between \Wey!
photon mass and inflationary predictions.




